We review the physics of rare, leptonic, and hadronic decays of charmed mesons based on the results submitted to this conference (EPS 95, Brussels).
thus, it is sensitive to the D S decay constant f DS which in turn is related to the overlap of c ands quarks in the meson Ψ(0) (in non-relativistic quark model) by
This mode was first observed by WA75 2 using emulsion exposed to π − beam from CERN SPS, followed by CLEO 3 and BES 4 . For this conference, CLEO has updated the measurement with higher statistics. CLEO observes this decay mode in the decay chain D * +
The hermiticity of the detector was used to obtain the missing momentum in the hemisphere of the decay, which was then interpreted as the momentum of the neutrino. A clear peak in the mass difference M Ds * − M DS is seen and the new result is shown in Table 1 together with previous results. The average of WA75, BES, and CLEO(95) gives (using both statistical and systematic errors) f DS (MeV) = (273 ± 30) B(D S → φπ) 3.5% .
The parameter f DS can also be obtained by comparing B → D 
The uncertainty in the model-dependent value B(D S → φπ) = 3.5 ± 0.4% 8 has been a issue for some time, but the different dependence on B(D S → φπ) of the two f DS measurements (2) and (3) above allows us to determine both f DS and B(D S → φπ) just by the consistency f DS = 277 ± 25(MeV), B(D S → φπ) = 3.60 ± 0.64%. 
Isospin violating decay
With α s = 0.5 and eq. (1), this gives 0.13 GeV which is quite consistent with the experimental value of 0.1416 ± 0.0018 GeV. 
Hadronic decays
In the factorization model of Bauer, Stech, and Wirbel (BSW) 12 , the hadronic two-body decays of charmed mesons occur through the effective Hamiltonian given by Another factor that can affect the rate is the phase space; in the comparisons that follow, however, the phase-space factors are mostly within 20% including P-wave decays. 
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Singly and Doubly-Cabibbo-Suppressed Decays
Possibly three DCSD (Doubly Cabibbo Suppressed Decay) modes have been observed thus far:
The results are given in Table 2 . It should be noted that the decay
Including the interference, the time-dependent and timeintegrated decay rates are given by . E687, E691 (photo-production) and E791 (hadro-production) are fixed-target experiments at Fermilab. 
where
, γ is the average D 0 decay rate, t is in unit of 1/γ, and assumed r M,D ≪ 1. The expressions above are identical forD The decay of D + to 3 charged kaons is a DCSD by charge conservation. At quark diagram level, the spectator DCSD has a pair of dd quarks while the 3K ± final state has no valence dd quarks. Thus, the strong final state interaction (FSI) should annihilate the dd pair and create ss pair. Another possibility is the annihilation mode cd → us followed by creation of a ss pairs, but this mode itself is doubly-Cabibbo-suppressed and expected to be small. This leads to suppression of the 3K ± DCSD mode relative to the naive expectation. As can be seen in the table, the experimental upper limit for B(D
is less than half (E687) or about equal to (E691) the naive value. Note that the normalization mode φπ + itself is color-suppressed (Class-2). The abnormally large value
18 (which is about 20 times larger than the naive expectation) is not consistent with these reExp.
0.455 ± 0.029 ± 0.024 0.048 ± 0.012 ± 0.006 E687 25 0.437 ± 0.028 ± 0.060 0.207 ± 0.069 ± 0.073 average 0.451 ± 0.033 0.051 ± 0.021 Table 3 : Cabibbo-suppressed decays
0.028 ± 0.006 ± 0.006
0.25 ± 0.04 ± 0.02
0.18 ± 0.21 * 0 π + is Class-1 and one would expect that the naive suppression factor should work; the measurement, however, is on the high side.
In the flavor SU(3) limit, the Cabibbo-suppressed modes D → KK and D → ππ are expected to be the same. In comparing with the data, however, one needs to take into account the FSI which rotates the phases of isospin amplitudes. For D 0 → KK, we have
where A I (I = 0, 1) is the isospin=I amplitude. Note that phase rotations of A I change the decay rate of each mode, but keep the sum unchanged:
The mode D + →K 0 K + is purely I = 1, and thus the rate does not change under the FSI. Here we are assuming that the FSI is elastic (i.e. KK channels stay within KK channels), and if the FSI is inelastic the above relations are no longer correct. The inelastic FSI, however, is expected to be small. The situation is similar for D 0 → ππ. The K 0K 0 mode is detected by K S K S . Since the two neutral kaons are produced coherently in a symmetric L=0 state, one has to take into account the quantum correlation when converting the K S K S rate to the K 0K 0 rate. The state can be written as which means that half the time it shows up as K S K S and half the as K L K L . This is correct even with CP violation. Thus we have
The decay D 0 → K 0K 0 cannot occur by a spectator diagram without FSI. It could occur by exchange diagrams: cū → ss with a dd pair creation from vacuum, or cū → dd with a ss pair creation from vacuum. The two exchange amplitudes, however, cancel exactly in the limit of the flavor SU(3) in 2 generations (an example of GIM cancellation) 29 . Thus, it is likely that the K 0K 0 mode is dominated by the feed though from the K + K − mode due to FSI. Latest results for D 0 → KK are given in Table 3 . Together with D → ππ data from the particle data group 8 , we get
which is larger than the naive value of unity. The BSW model prediction is 1.3 which is still smaller than the experimental value above. Cabibbo-suppressed 2-body decays of D + and D + S are shown in Table 4 . As mentioned earlier, the decays
+ mode is Class-3, and thus expected to be suppressed due to the destructive interference, while the
8 , the ratio of the two Cabibbo-suppressed decays is
where the factor of 2 in the denominator is the isospin factor, or equivalently due to the fact that π 0 is half uū and half dd. This factor is expected to be enhanced due to the suppression of π 0 π + . The ratio -1) . Thus, we expect the ratio to be enhanced with respect to the naive factor of λ 2 ∼ 0.05. The experimental data is not yet conclusive at this point. It should be noted thatK 0 or K 0 in any decay mode is usually measured as K S and thus DCSD mode could interfere with the corresponding Cabibbo-favored mode. 32 As a result, the oft-used relation B(K 0 X) = 2B(K S X) does not hold. The correction is typically of order 5 to 10%, but for some channels it could be as large as 25%. One such example is the normalization mode D
The exact amount of correction depends on unknown FSI phase, and it is difficult to reliably estimate.
For
we now have Dalitz plot analysis from E687.
30 Figure 4 shows the Cabibbo-suppressed mode D
The position of the K * (892) band was found to be shifted in a way consistent with existence of K * (1430). After the fit including the interferences, the ratios of partial widths are found to be
= 0.044 ± 0.003 ± 0.004
= 0.058 ± 0.006 ± 0.006.
The D + → φπ + mode is color-suppressed, but the decay constant of φ (which is 'emitted' from the hadronic current D → π in the factorization picture) is quite large (f φ ∼ 233 MeV), could bring it up to the same level as D + → K * 0 K + which is a Class-1 decay.
CP Violation
CP asymmetries in D decays can occur through 1) direct CP violation 21, 22 , 2) mixing 31 , or 3) interference of Cabibbo-favored mode and DCSD in modes involving K S 32 . The asymmetries are expected to be quite small in the standard model (10 −3 level or less); any asymmetry much larger is thus a signal of physics beyond the standard model. Direct CP violation should involve at least two quark-level diagrams with different CKM phases and different FSI phases. The two diagrams may be two spectators 21 , spectator plus penguin 22 , or spectator plus annihilation 23 . At least in the standard model, the asymmetries are larger for Cabibbo-suppressed modes; since
Mode
Exp. Asymmetry
−0.031 ± 0.068 −0.12 ± 0.13 0.066 ± 0.086
0.024 ± 0.084 0.069 ± 0.059
−0.007 ± 0.090 −0.013 ± 0.030 0.009 ± 0.011 the main goal now is to search effects beyond the standard model, however, Cabibbo-favored modes also need to be checked. 
where p and q are the coefficients of D 0 andD 0 for the mass eigenstates D H,L :
If p = q, then the additional factor is in general different for D 0 andD 0 resulting in CP asymmetry in the time-dependent Γ(D 0 → K + π − )(t) vs. its CP conjugate channel as well as in the time-integrated rates. In the limit of ℑ(a D /a) = 0 and δγ = 0, there is no term linear in t in the expression (4). Even then, CP violation in mixing would give rise to a term linear in t which is also CP odd. Such asymmetry that increases linearly with time would indicate both CP violation and mixing simultaneously 35 . The table also lists asymmetries for CP self-conjugate final states; the results are all consistent with zero.
Summary
The charm physics has matured. We now see rare decays such as pure leptonic decay and isospin violating decay. A few Doubly-Cabibbo-Suppressed decays have been observed, and detailed studies of singly-Cabibbosuppressed modes have been done and ongoing. Most of the modes are qualitatively understandable in terms of the color-suppression and the destructive interference together with known SU(3) breaking effects such as the differences in decay constants. The experimental sensitivities for CP asymmetries are still a few orders of magnitude away from the level expected by the standard model.
